INTRODUCTION
Neonatal sepsis is a major cause of morbidity and mortality in neonatal intensive care units [1] and is prevalent in premature infants [2] . Many clinical studies have
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Keywords: astrocyte; gap junction; Cx43; neonatal sepsis demonstrated that neonatal sepsis directly causes brain damage such as white matter lesions and periventricular leukomalacia, and is closely associated with a high rate of lethality in neonates [3] . Furthermore, survivors of neonatal sepsis often show severe long-term cognitive impairment and adverse neurologic outcomes [4] [5] [6] [7] .
Microglia are resident immune cells in the brain and play a crucial role in cerebral functions [8] . Mature microglia compose 15-20% of the total cell population of the brain [9] . In the normal adult rodent brain, "resting" microglia are ramifi ed with a small soma, little perinuclear cytoplasm, and a small, dense, and heterochromatic nucleus [10] . When activated by a variety of stimuli such as cell death, excessive aberrant protein, and the presence of viral or bacterial pathogens, microglia transform into cells with larger somata and shorter, coarser cytoplasmic processes [11] . The activation of microglia in the infl ammatory response can have deleterious effects on surrounding neurons and glia through the release of inflammatory cytokines such as tumor necrosis factor alpha (TNFα) and interleukin (IL)-1β [9] . It was originally thought that immature microglia are unable to mount a host immune response to injury. However, studies have demonstrated that microglia both prenatally [12] and in adulthood shift to a bushy/ramifi ed morphology, suggesting a similar functional role with stimulation regardless of age. [14] . Astrocytes supply neurons with vital metabolites such as lactate in response to neuronal activity [15] . Innate immune responses, the most widelyreported function, are also carried out by astrocytes in the brain [16, 17] . Astrocytes b uild a syncytium using gap junctions and hemichannels, which are formed by two apposed connexins or hemichannels that interact and open to form a 'pipeline' for the passage of substances smaller than 1-1.5 kDa [18] . The basic elements of these channels are the transmembrane connexin (Cx) proteins [19] . Of these, Cx43
is the major component of gap junctions in astrocytes [20] .
Evidence indicates that pathological stimuli affect Cx43 mRNA and protein levels in astrocytes and thereby regulate intercellular communication through gap junctions [21, 22] .
However, the role of Cx43 in neuro-inflammation induced by systemic sepsis remains elusive.
The aim of this study was to address this question.
We used an acute mouse model of neonatal sepsis by injecting lipo polysaccharide (LPS) and determined whether regulation of Cx43 can protect neonates from neuroinfl ammatory injury.
MATERIALS AND METHODS

Animals
The use and care of animals were approved by the 
LPS Administration
Both Cx43 
Statistical Analyses
Data are expressed as mean ± SEM. Analyses were performed using GraphPad Prism version 6.03 (G raphPad Software, La Jolla, CA). The unpaired t-test (between two groups) and two-way ANOVA followed by Tukey's test (among multiple groups) were used to evaluate statistical signifi cance. P <0.05 was considered statistically signifi cant.
RESULTS AND DISCUSSION
To determine whether the level of : hGFAP-Cre mice (Fig. 1A) .
To test whether the decrease of Cx43 in astrocytes impacts the secretion of inflammatory factors in cortex, we chose IL-1β and TNFα as indicators of inflammatory activation, and found that the mRNA levels of both factors
were most pronounced at 3 h following LPS injection (Fig. 1B) . Therefore, we chose 3 h as the time point to : hGFAP-Cre mice (Fig. 1E) .
We also examined the microglial response in the cortex at 6 h after LPS injection. The number of Iba1-positive (Iba1 + ) cells per section was significantly higher than in the saline-injection group in hGFAP-Cre mice, but not in Cx43 fl ox/+ : hGFAP-Cre mice (Fig. 1F) . Moreover, the percentage of round/amoeboid Iba1 + cells in the LPSinjection group was increased, suggesting the activation of microglia (Fig. 1F) . Taken together, these experiments showed a defect in the ability to induce a neuroinfl ammatory reaction in Cx43 fl ox/+ : hGFAP-Cre mice.
Despite recent advances in neonatal intensive care, sepsis remains an important cause of morbidity and mortality, particularly among preterm infants [1, 2] . Neonatal sepsis causes poor neurodevelopmental outcomes in preterm infants [3] [4] [5] [6] [7] . Thus, timely and precise means of protecting preterm infants from sepsis is imperative to reduce the risk of adverse nervous system outcomes.
Systemic LPS injection induces inflammatory responses in mice, and subsequently, inflammatory mediators lead to infl ammation in the nervous system [23] . Therefore, acute LPS administration in mice simulates the clinical features of neonatal sepsis, and is a good model for studying its mechanisms.
Astrocytes make up the major cell population in the brain and express the highest amount of gap junction proteins. Cx43 is the main connexin protein in astrocytes. As previously reported, intraperitoneal injection of LPS decreases Cx43 expression levels, which leads to the hypothesis that the gap junctional signaling pathway impacts the regulation of the infl ammatory response [22] . In this study, we showed that a decrease of Cx43 in astrocytes Previous studies have shown that the ATP released by astrocytes through Cx43 hemichannels is a critical trigger for microglial responses [24] . In the situation of trauma, the astrocytes are the first to sense injury, and the activation of microglia is triggered by astrocytic ATP release. Lack of Cx43 hemichannels causes reduced leakage of ATP and thus inhibits the activation of microglia [25] [26] [27] . The release of TNF-α and IL-1β from LPS-activated microglia targets astrocytes mainly through Cx43 hemichannels [28, 29] . We suggest that the deletion of Cx43 inhibits the activation of astrocytes by IL-1β and TNFα, and meanwhile, the activated astrocytes cannot activate microglia through the release of ATP. In the future we will focus on exploring the underlying mechanisms.
In conclusion, we have demonstrated that a decrease in astroglial Cx43 profoundly weakens the neuroinflammatory response to systemic inflammatory stimulation. Our results suggest that astroglial Cx43 is a promising target to consider when planning immunotherapies for neonatal sepsis. 
